In order to study the effect of genotype × environment interaction and stability of sugar beet genotypes for seven cultivars, viz Lilly, DS 9004, Gazella, Oscar Poly, Pather, Toro and Hercule. A field trail was sown in eight environments as major four locations (Sakha, Giza, El-Fayoum and Malawy) for two years (2011/12 and 2012/13) using a randomized complete block design, with three replications. Analysis of variance for root yield, sugar yield and sugar content showed that the environment and genotype and genotype × environment interaction (GEI) were significant. GEI were evaluated by two methods (phenotypic stability and AMMI model).
INTRODUCTION
Sugar beet is considered one of important winter sugar crop in Egypt. So, it is preferable to evaluate sugar beet verities under Egyptian conditions to select the best ones characterized with high yield and quality traits to improve their productivity as an urgent demand to meet sugar consumption or at least to decrease the Egyptian gap from sugar (Al-Labbody 2012).
In plant breeding programs, many potential genotypes are usually evaluated in different environments (locations and years) before selecting desirable genotypes. A genotype × Environment interaction (GEI) is the differential genotypes response evaluated under different environmental conditions. GEI is of major importance, because they provide information about the effects of different environments on cultivar performance and play a key role for assessment of performance stability of the breeding materials (Moldovan et al., 2000) . Stable genotypes have the same reactions with high yield or performance (Björnsson, 2002) . Since analysis of the ordinary methods such as using combined variance analysis tables gives just information about the presence or absence of interactions between genotype and environment, Campbell and Kern (1982) used this analysis to study the stability of 10sugar beet. Researchers have evaluated different methods of stability and each one has suggested a method (Rostayee et al. 2003) .
Various studies have been done in evaluating the stability of various sugar beet varieties in different areas through using the methods of parametric univariate (Ggyllenspetz 1998 , Keshavarz et al. 2001 and Ebrahimian et al. 2008 , regression analysis is certainly the most popular method for stability analysis due to its simplicity and the fact that its information on adaptive response is easily applicable to locations. Also using multivariate methods and AMMI model (Paul et al. 1993 and Ranji et al. 2005) . The method AMMI (Additive main Effect and Multiplicative Interaction) is one of the most capable methods of stability analysis in regional trials (Crossa 1990) . In this method the existence of the first 2 significant components is the best state for the evaluation of interaction of genotype and environment (Akura et al. 2005) .
The reason for the extensive use of AMMI is that the model could justify a major part of the total deviation of interaction and differentiate the main and interactions from each other (Ebdon and Gauch 2002) . The evaluation of the rank correlation coefficients among stability parameters, calculated for root yield and sugar content in sugar beet varieties, showed that the information derived from analysis of AMMI, in most cases, were more stable than other methods of stability analysis and also the new information are obtained through this method, which otherwise cannot be identified by other methods (Ranji et al. 2005) . Considering the fact that in sugar beet, varieties with high yield, in comparison to the varieties with average yield have less stability (Ggyllenspetz 1998) , evaluation of field stability of sugar beet varieties in different areas in order to find the high yielding and stable varieties, is one of the important issues in the sugar beet breeding programs.
The purpose of this investigation is to identify of the interaction of genotype × environment and determines the relative importance of two methods of stability adaptation of sugar beet genotypes under different areas.
MATERIALS AND METHODS
Seven sugar beet cultivars (Lilly, DS 9004, Gazella, Oscar Poly, Pather, Toro and Hercule) were evaluated in an experiment based on a randomized complete block design with 3 replications in two successive seasons (2011/12 and 2012/13) and four locations (Sakha research station, Giza research station, El-Fayoum and Malawy) across North and middle Egypt.
The experiment was done in different locations. Sawing dates were took place at the first week of October in the first and second season. Each plot included 4 rows with 50 cm distance and 10 m length. At harvest plants of the plots were harvested and weighed. A sample of 5-roots from each plot were randomly selected in order to determine the following characteristics: root length (cm), root diameter (cm), root weight/plant (Kg), No. of root cycles, sucrose%, total soluble solids percentage (TSS %) was determined using hand refractometer, purity% = sucrose% ×100 / TSS%, root yield (ton/fed), tops yield (ton/fed) and sugar yield (ton/fed) = root yield × sucrose %.
The recorded data were statistically analyzed according to Keshavarz et al. 2001) . Least significant difference test at 5% level of probability was used to compare means. On the other hand, Bartlett's homogeneity test was used to satisfy the assumption of homogeneity of variances before running the combined analysis on the seven genotypes and eight environments (four locations and two years).
Data were analyzed across all locations and years using pooled data by Eberhart and Russell (1966) as ordinary or traditional method to characterize phenotypic stability, based on the regression coefficient. They indicated a stable variety as having unit regression over the environments (b i = 1.0) and minimum deviation from the regression (σ i = 0). Therefore a variety with a high mean yield over the environments, unit regression coefficient (b i = 1.0) and deviation from regression as small as possible (σ i = 0), will be a better choice as a stable variety.
For analysis of interaction of genotype × environment, the AMMI model equation according to Gauch, and Zobel, (1996) . To determine genotypes stability, the first and second main components were used and in order to relate the different genotypes to the different environments the biplot diagrams were utilized (Gabriel 1971) . For statistical analysis and drawing the diagrams, the statistical software of GenStat were used and for AMMI analysis.
RESULTS AND DISCUSSION
Bartlett's test indicated homogenous error variance for the traits in each of eight environments and allowed to proceed further for pooled analysis across environment. Genotype, environment variance and genotype × environment interaction were significant for all traits except total soluble solids% for genotypes ( Table 1 ).The existence of significant difference among the varieties was the representation of the difference of genetic potentiality of the varieties for the evaluated characteristics; also, the existence of significant difference among the studied regions represents the significant variety effect in the additive structure of data for the evaluated characteristics among the regions. Similar results were reported by Ranji et al. (2005) and Ebrahimian et al. (2008) . * and ** significant at 0.05 and 0.01 probability levels, respectively.
Mean performance of genotypes for ten studied traits was shown in Table ( 2). Results revealed that the studied traits varied from 25.42 to 34.11 cm with an average of 31.08 cm for root length, from 9.78 to 10.91 cm with an average of 10.34 cm for root diameter, from 0.86to 1.19 Kg with an average of 1.05 for root weight, from 7.45 to 8.62 with an average of 8.19 for no. of root cycles, from 20.35 to 21.09 % with an average of 20.83% for total soluble solids %, from 77.48 to 84.77 % with an average of 81.69 % for purity %, from 6.41 to7.68 ton/fed with an average of 6.85 ton/fed for tops yield, from 25.25 to 30.34 ton/fed with an average of 26.87 ton/fed for root yield, from 15.97 to 17.72% with an average of 16.96 % for sucrose % and from 4.11 to 5.22 ton/fed with an average of 4.56 ton/fed for sugar yield. Therefore, Lilly genotype produced the highest values for root length, root weight, root yield and sugar yield.
Regarding to environments, (Table 2 ) showed significant effects on the studied traits, indicating a wide range of environmental effects. Giza environment had the highest mean values of environments for root length (2 nd years), root diameter (both years), TSS % (both year), sugar content % and tops yield (both year). Meanwhile, El-Fayoum environment had the highest mean values of environments for root weight /plant (2 nd year) and purity % (both year). Sakha environment had the highest mean values of environments for No. of root cycles (2 nd year), root yield (1 st year) and sugar yield (both years). The reverse trend was true for different traits and environments. In this connection, some investigators emphasized that environments had great effects on sugar beet genotypes traits (El-Hinnawy et al., 2002 and El-Sheikh et al. 2008) . Therefore, Sakha environment had the highest mean values of environments for root and sugar yield followed by El-Fayoum environment.
-Phenotypic stability:-
The remarkable difference between yielding environment may indicate that the genotypes were subjected to wide range of environmental conditions under the present investigation. Significant differences among genotypes under study were observed in combined analysis of variance for stability of sugar beet yield traits (root yield, sugar content and sugar yield) (Table 3) . Significance environment (linear) indicated that environments differ in their effect to different genotypes when tested with pooled deviation. Significance genotype x environment (linear) interaction and pooled deviation regression indicates that the genotypes differed in the predictable (linear) and unpredictable (non-linear) response to change in environments for yield traits.
This may lead to conclusion that it is essential to determine the degree of stability for each genotype. The obtained results are partly in agreement with those reported by Al-Assily et al (2002) . A major portion of the genotype x environment interaction was accounted for the linear component which suggest that the difference could be due to the presence of genetic variability among the studied genotypes (some genotypes were more stable in yield performance than others over environments). On the other hand, Oscar Poly, Pather and Toro had significance genotypes for root yield and sugar yield. Estimates of stability and adaptability parameters of evaluated sugar beet genotypes for sugar content and root and sugar yield at 8 environments were shown in Table (4). The mean root yield of seven sugar beet genotypes ranged from 25.25 to 30.34 ton/fed and from4.11 to 5.22 ton/fed for sugar yield. The highest yield was obtained from Lilly (30.34 and 5.22 ton/fed, respectively). It was emphasized that both linear (b i ) and non-linear (σ ij ) components of G × E interactions are necessary for judging the stability of a genotype. A regression coefficient (b i ) approximately 1.0 coupled with a σ ij of zero indicated average stability (Eberhart and Russell, 1966) . Regression values above 1.0 describe genotypes with higher sensitivity to environmental change (below average stability) and greater specificity of adaptability to high yielding environments. A regression coefficient below1.0 provides a measurement of greater resistance to environmental change (above average stability) and this increases the specificity to adaptability to low yielding environments. Finlay and Wilkinson (1963) found that linear response is the positively associated with mean performance. Eberhart and Russel (1966) emphasized that both linear (b i ) and nonlinear (σ ij ) components of G × E interaction should be considered in judging the phenotypic stability of a particular genotype and their responses were independent from each other.
Linear regression for the average root and sugar yield of a single genotype on the average yield of all genotypes in each environments resulted in regression coefficient (b i values) ranging from -0.06 to 1.93 and 0.19 to 1.71 for root and sugar yield, respectively (Table 4 ). This large variation in regression coefficient explains different responses of genotypes to environmental changes (Akura et al., 2005) . The regression coefficients of Lilly for root and sugar yield was non-significant (b i =1.0) and had a small deviation from regression (σ ij ) and this possessed fair stability. Genotypes with high mean yield, a regression coefficient equal to the unity (b i =1.0) and small deviation from regression (σ ij =0) are considered stable (Finlay and Wilkinson, 1963; Eberhart and Russel, 1966) . Higher values of σ ij explained to us that there is high senstivity to environmental changes. These varieties gave quite good yield when environmental conditions were conductive. Lilly was the most stable for the root and sugar yield. Because its regression coefficient was close to unity and they had low deviation from regression.
Among these genotypes, genotype (Lilly) could be considered the most stable ones followed by DS 9004 for sugar yield (ton/fed), but had low mean. Meanwhile, Oscar Poly and Pather could be considered the stable ones for sugar content (%) only. Other genotypes are sensitive to environmental changes and have adapted to the poor environments. The stable genotype (Lilly) should be recommended for a wide range of environments, while the genotype, which proved to be suitable for high yielding or low yielding environments, should be recommended for the respective areas.
The same seven sugar beet genotypes over eight environments (four locations and two years) were analyzed through AMMI. The results of variance analysis of the traits showed that the main effects of environment and genotype were highly significant ( Table 5 ). The existence of highly significant difference among the genotypes was the representation of the difference of genetic potentiality of the varieties for the evaluated yield traits; also, the existence of highly significant difference among the studied environments represents the significant genotype effect in the additive structure of data for the yield traits among the environments. Similar results were reported by Ebrahimian et al. (2008) and Ranji et al. (2005) . The interaction of genotype × environment was highly significant for the evaluated traits. The genotype contribution to total sum of squares for root yield, sugar content and sugar yield were 16.67%, 38.07% and 22.72% and the environment contribution were estimated to be 51.42%, 33.08%, 46.57%, respectively, and for the interaction of genotype × environment, these quantities were 31.91%, 28.85%, 30.72%, respectively. The existence of high genotype and environment share of the total sum of squares percentages is representative of the difference in the genetic potential of varieties and also the difference in the productivity potential of various environments (Aghayee Sarbarzeh et al. 2007) . The interaction of genotype × environment was separated into 2 main components. The first main component share of the interaction for root yield, sugar content, sugar yield, from the variance of interaction of genotype × environment were 70.51 %, 56.81 %, 68.34 % and for the second main component were 15.46%, 26.53%, 18.13%, respectively ( Table 5 ). The explanation of high percentage of variance of interaction of genotype × environment with the first 2 components of the interaction represents this fact that these 2 components well described the significant interaction of genotype × environment, caused by the multiplicative structure of the data. Farshadfar et al. (2010) stated that the AMMI method is suitable for the stability analysis, paying attention to the fact that it justifies 89.30 % of genotype × environment interaction changes with the first two main components.
The first and second Interaction Principal Components Score (IPCS) for genotypes and environments has been represented in Tables 6 and 7. The comparison of means, through Duncan method, for the main effects and interaction of environment × genotype were shown in the same Table. It was found that among the studied environments, Sakha and El-Fayoum had the favorite quantities for each root yield and sugar yield (2.93 and 1.57, and 1.21 and 2.33 for 1 st and 2 nd season, respectively), in comparison to other areas, but Sakha and Giza had the favorite quantities for sugar content, whereas Malawy showed the weakest quantities (-2.11and -2.50,-2.73 and -1.69 and -2.88 and -3 .05 for 1 st and 2 nd year, respectively) for the all traits. Among the varieties, Lilly had the highest quantities, for root yield and sugar yield (2.64 and 3.44, respectively); in this case Pather, Hercule and/or Toro were the most unfavorable genotypes for all traits. The study of root yield biplot (Figure 1) shows that the genotypes of Lilly and Pather had the highest and lowest root yield (30.70 and 25.25 t/fed), respectively. On the other hand, Lilly and Hercule had the highest and lowest sugar yield (5.22 and 4.11 t/fed). Among the areas, Sakha (Env 1 and 2) and El-Fayoum (Env 5 and 6) had the highest root and sugar yield in two years.
In biplot, it is favorable to use the 2 components having the highest variance explained (Zali et al. 2007 ).The interpretation of structure of genotype × environment interaction by using the biplot resulting from the first and second components of the interaction (using the AMMI 2 model) was reported in various studies (Kaya et al. 2002 and Danyaie et al. 2011) . The biplot of root yield, in the Figure 1 , was the representative of the close relationships with the environment for 2 years of the same area of Sakha (Env 1 and 2) and El-Fayoum (Env 5 and 6). Also, varieties Gazella, Oscar Poly and DS9004 had specific adaptation of o the area of (Env 3) Giza 1 st year. On the basis of sugar content biplot (Figure 1) , all areas had the close environmental relationship and most the varieties had the specific adaptation to the areas for similarity the values. The biplot of sugar content also showed that the area of Sakha (Env 1 and 2) and the area El-Fayoum (Env 5 and 6) had the highest environmental closeness and the varieties DS9004, Oscar Poly and Gazella had the specific adaptation with area of (Env 3) Giza 1 st year and (Env 7 and 8) Malawy.
Considering the relative correspondence of distribution of varieties and the area vectors in the biplot resulted from root yield and sugar yield, it can be described that the trend of the rank differences of the varieties in the studied areas for the two traits are the same. In other words, in this study, sugar yield was more influenced by root yield than by sugar content (Moradi et al., 2012 and Ggyllenspetz 1998) .
In general, considering the main effect of additivity for the varieties (mean comparison), and also evaluation of the multiplicative interaction of varieties × areas, the variety Lilly had a high genetic potential for the studied traits, but it had a less general adaptability in some areas, and because of its specific adaptability with the areas of Sakha and El-Fayoum, it is capable of being introduced to these areas. Varieties Pather, Hercule and Toro were the lowest among the evaluated varieties and it is better not to use it in the studied areas. Varieties Gazella, Oscar poly and DS9004 had an average genetic potential for the studied traits, but its high general adaptability, then it can be introduced for all areas. Therefore, the highest general adaptability belonged to the variety, which had average quantities for traits. The point that in sugar beet the varieties with average yield have higher stability of yield in the areas has been reported earlier (El-Sheikh et al., 2008 and Moradi et al., 2012) .
Figure (1): Bi-plot diagram of the first main components of interaction
with mean genotypes and environments for the studied traits of sugar beet (2011/12-2012/13).
It could be concluded that two stability methods confirmed that Sakha and El-Fayoum are recommended as suitable places for sowing sugar beet and Lilly is suggested as the best genotype for these locations. Meanwhile, AMMI method showed new information. 
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